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Cleaning Up Abandoned Chemical Dumps Will Cost Billions 
By MICHAEL BRODY 

IN ONE OF th* bitterest uteovcr bu­
llet ta rccrat history. Mod Corp. 

fought off a determined assault by Oca-
dental Penuteuin. which tlnaDy * u 
forced to withdraw a ncar-SI biQioa bid 
for the forts ntrsdncts coaccra. rating 
the "frrodry" of Meed's oppoatiea. 
One of the weapons that Mead used 
with tefling effect waa the diadonre that 
Ocddental subsidiary Hooker Chemical 
was bardcaed by hundreds of Bullions 
of doOan in potential legal liabilities 
due to tarts being brought agamst it lor 
dangerous dumping of haaardotts chem­
ical wastcs. 

At the height of tha Oxy-Mcad bat­
ik, headliaa blared tha acwi that dan­
gerous chemical wastes from Love Ca­
nal a baried waste dump abandoned for 
JO yean ia apttate New York, had 
leepcd iato surrounding boasts and 
yards, reportedly causing macs mages 
sod birth defects and forcing evacuation 
of the community Th* Love amy it far 
IVom over. Hooker is being toed lor 
1124 million by the federal government 
aad lor over U billion by local resv. 
dealt. 

Hooker denies liability and ia de-
lcftdtng the tails; it is also contesting a 
California sail over groaadwatar coo­
ls mi nil ton where the state cUuns a SIS 
million-plus ctcaa-ap wilt be needed. A 
settlement reached by Hooker ia aa ear­
lier action ia Michigan is ex peeled u> 
cost lb* company approximately thai 
imount. But some obscrvcis feel the fi­
ns I biQ could run substantially higher, 
given the potential costs of the compa­
ny! commitment to reducing toxic con-
lamination of groundwater under the 
utc to "non -detectable levers." 

PVary of Crnapaay 

Hooker tt not alone. The dumping of 
toxic chemical wastes is now being rec­
ognised as a major national health haz­
ard Pesticides which caasc sterility and 
cancer ia concentrations as low at one 
pan per trillion have poisoned drinking 
water supplies in California. Tens of 
thousands of 3S-galloo chemical waste 
drums were discovered secretly dumped 
in an tsotaied Kentucky area now 
known as the "Valley of lbs Drums"; 
many are ancient, nuted. and leaking 
unknown chemicala into tori aad 
streams. Over 100 tons of poisonous 
mercury have found their way into the 
stamps and streams surrounding a oo-
tongcr-uscd chemical plant in New Jer-
>ey 

Across the country Ihorrufwtl of 
chemical plants, as well as factories ia 
other industries which generate chemi­
cal wastes, have dumped millions of 
metric tons of leak wastes into open 
poods, lagoons and landfills—moat of 
ihem on their owa properties—which 
lack tiled floors and wads la prevent 
seepage. Dangerous chemicals have 
gradually contaminated acres of soil aa 
well aa groundwater, welh, strums sad 

The entire chemicals industry is now 
facing a huge lab for these practices. To 
date, only a duten federal mm have 
been brought, but the total is eipeered 
w reach SO by the end of this year, la 
addition, the chemical producers are ia 
for aa uaknowa a umber of state suits. 
Moreover, say single legal action could 

lead to charges and claims for damages 
against dozens of firms. 

For example, a tail tiled by the Jut-
ties Department against the Kia-(ac 
LaadrH. a 220-acre sua ia Ediaou, N J , 
has led to discovery proceedings ia 
which more than a score of major chem­
ical firms haw beta identified aa 
sources of wastes which allegedly wen 
improperly ditpoaed of at the rate. Taos 
include rach companies ss Allied 
Chemical. American Cyanamid, Ash­
land Chemical, Celaueac, Dan Indus­
tries, Drew Chemical. Diamond Sham­
rock. Da tout, Exxon. F M C OAF, 
Gulf, Hatco. Inmont, Kopeert, Monsaa-
to. NL Industries, Olio, Pennwsft. 
Reichhoid, Suuffer Chemical, Tcnncco, 
Union Carbide, Uniroyal and Wilca 

Al many such tilts, rauikularty 
where companies deah through middle­
men such as waste haulage and disposal 
castfto, tat linns which genera led tha 
waste may argue thai they were un­
aware that tha wastes were being dis­
posed of iraproperly aad dangerously. 
But in cases of so-called orphaned sites, 
when the dump operator hat gone out 
of business or ia unable to pay for tha 
dean-op, tha gonmunaui ia expected to 
try ta bold the sources of the waste lia­
ble for the clean-up costs. Moreover, 
most chemical wastes have been dia-
poaed of by producers on their own 
properties, the clean-up btfj for which 
must be borne by the com names them-

SIB BlUsaa arms BIB 

Together with others that throw off 
substantia! amount of riazardous chem­
ical wastes, such as leather, paper and 
metal fabrication, the chemicals indus­
try may have to ante up al least SIO bil­
lion just to clean up orphaned dump 
sites. A more extreme estimate, by the 
Environmental Protection Agency, is 
thai the cost of cleaning up off dump 
sites (orphaned dumps, active indepen­
dent sites, and companies' own facili­
ties) could ran as high as J50 billion. 
The amount thai industry will actually 
be forced to cough ap will depend both 
oa the outcome of federal and stale liii-
gation, which could take years, and how 
Congress disposes of President Carter's 
proposed SI.6 billion "tttperfuad" to fi­
nance th* beginning of the clean-up In 

any case, the total bill threatens to can a 
pel! over the affected industries for 
years to come. 

Th* rVrrrirah industry is lobbying 
hard against several revisions of the 
"tuperfund," most of which would force 
industry lo pay three-quarters of the 
coat of a cVsaa-up fund, probably 
through a special fee so be imposed oa 
petrcchemical feedstocks; the oil indus­
try would pus along th* charge in full 
la th* chemical com panics and they, ia 
turn, would pass on pan of it to indus­
trial customers. 

Scan* oil paper and auto companies 
are reportedly talking about a possible 
SO-SO compromise oa industry and fed­
eral govenosent funding for th* clean­
up. Bat the Chemical Manufacturers 
Aaacciatioa wants th* fund limited to 
th* rehabilitatioa of orphaned sites 
where lb* disposal company has gone 
out of business and the dumpers cannot 
be identified. Th* Association insists 
thai such titcs are not th* industry's re-
spoatibiltty. thai casual watte dumping 
was a ttaiionaQy crjadoned practice for 
rlrrartrt. aad thai orphaned dump sites 
are simply a "social problem" Tor which 
the taxpayer should pick up the lull tab. 
(The CMA slao wants to lighten the lia­
bility provisions of the legislation, to 
thai a tingle company cannot be held re­
sponsible for the coats of sanitizing a 
dump ate where its barrels or wattes are 
the only ones that can be identified.) 

Federal regulators reply that the in­
dustry is now refusing to take collective 
rrarjonsibility for the results of years of 
irresponsibility. Betides the cost of 
cleaning up orphaned sites, still-active 
independent sites and ihose on the prop­
erties of the watte generators them­
selves, federal regulations slated to be­
gin in May (and already over a year aad 
a half overdue), wiH set expensive new 
standards for the handling and disposal 
of hazardous wastes. And white collar 
crime proposals in ihc new federal crim­
inal code revision (approved by the 
Business Round tabic last year, but now 
the target of furious attacks by other 
business lobbyists), would impose cor­
porate finct of up to SI million, plus in-
dividual fines and prison sentences for 
corporate executives who "recklessly en­
danger" the public health and safety by 
notations of such rales. 

Th* annua) capital coat of com pil­
sner with th* new hazardous waste reg-
nlsuons is put by the environmental 
Protection Agency at around J100 mil­
lion and by CMA at around S2 bUbou. 
in addition to substantial increases ta 
annua] operating costs. Waste disposal 
eapertt say thai the latter figure it aa ex­
aggeration but note that com panics 
which have simply been paying cut-rate, 
fly-by-night truckers to gel nd of the 
stuff for them may well find their dis-
poaal costs increased by a factor of ten — 
which in some cases could meaa a sub­
stantial jump ia overall operating casta. 
(Last year, one tuch haulage and dis­
posal contractor in North Carolina got 
rid of a load of toxic PCB by amply 
leaving the spigots on his tank-truck 
opea over 200 miles of back road, leav­
ing behind him «0.000 tons of carcino­
genic din.) 

Th* reaction of major chemical com­
panies to the outcry over hazardous 
wastes has been muted. At Dow Chemi­
cal, manaten have bees breathing audi­
ble sighs of relief over a decision several 
years ago so make a major invest meal in 
new iaroacratioa facilities—pan of a de­
liberate move to handle internally as 
much of the firm's hazardous waatea as 
possible. High-temperature inciaei auow. 
is oa* of the more expetuiv* wsyt of 
dealing with hazardous waatea—enw 
ronmeatal manager Jerry Manin notes 
that the oast of a medium-size rotary 
kiln incinerator is ia the SI0-S20-nullioa 
range—but it is also one of tbe most 
highly reootnmended. 

No Oa* Kaowt 

Du Pont has reacted by ordering 
new inspections of the company s own 
hauardout waste facilities around the 
country, including teats for possible 
groundwater pollution. Du Pont has es­
timated that regulations under discus­
sion by EPA could impose s capital coal 
of up lo S200 million on the firm —for 
installing impermeable linings ia un-
lined holding pools and lagoons, see­
page monitoring aad water treatment 
facilities, etc But environmental manag­
er James Riley says cautiously that in­
spections have revealed no major prob­
lems, sad that the company knows of no 
pending lawtuiu. 

However, the threat of a wave of 
lawsuits similar lo those brought against 
Hooker has clearly alarmed and an­
gered much of the industry. CMA Presi­
dent Robcn Roltnd suggests sngnly 
that Hooker was forced into its SlS-nul-
boo-pi us settlement in Michigsn by the 
fear of the far higher settlement' which 
might have been imposed by an "emo-
bonal" jury following "litigation in the 
press." Given ihc "unfsir presumption 
of guilt" which an out-of-court settle­
ment carries with it. he adds. "If I were 
s company executive. I wouldn't settle. 1 
would litigate these suckers lo the very 
end." 

Tbc problem with trying to narrow 
the SI0-S50 billion range of nationwide 
clean-up coal estimates is thai the facta 
needed to compute those costs more ac­
curately simply aren't known. No one 
knows how many dump uies sre out 
there, or how much hazardous matenai 
is in them, or bow much ground snd 
water-table contamination baa taken 
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pii.a, or how rnttch *uu different in-
dtistrtcs fcacrzle each year, or Wow 
much of that *t Hit •-*•*••* —»•"- Buck 
< "i>pvcar sue might COM to cku up, 
or how political poocy-makers i n going 

dctinc "dcna." 
However, enough cvisseaot can ba 

craped together oa these neiats at leant 
to oMttrta that this is iadtad ika order 
of augaitude of the probable cottt in­
volved EPA u> supptsscd ta ba preparing 
A comprehensive nalioaaj bit of watte 
Jump sues: it ciitau thai tbit wiB utc 
at least two or three years, • sutemcai 
«. tUbh hat entered tnviiYjtsmcnial and 
public health activists already critical of 
the agency's delays, 

The EPA appears to ba depending 
oa sues bciai reported ia in regional of-
i'..es .r u nut agencies. Some individu­
al u*:e* are nsoving quickly: New Jer-
x>. a major pnmrhrmiral farraducer 
.nJ --jzping (round tor wastes, it pre­
paring ru owa bat of all dump suet ia 
tha state; New York will nave one by 
Apni. Michigan bat already published a 
rjsamrautb listing of over 50,000 utca of 
puuntul groundwater poUuuoe, rang-
>ng irom tkcnucal waste dumps lo than-
Joned gas ttaitout with leaky storage 
Lint*. 

Using aa alternative arararoack, tha 
House Suocornmiiiee oa Oversight aad 
Investigations, chaired by lob Ecklairdt 
iD. Tctasl. surveyed lavs aaiton't S) 
largest domestic chemical producers oa 
waste vuaposal practices goiag back to 
IvSO Many Arms had no systematic sc­
hooling procedures (or keeping track 
j i how rc_h waju they generated, ku-
arJous or otherwise, or arisen it areas. 
Records ia soma cases wen totally lack­
ing, aad com pauses had ID depend oa 
it* mcasoraca of aging loadiag dock 
lorcmce ia whose hands th* disposal of 
hazardous substances had been kft. 

For the 51 cnrnpaniel, which operat­
ed I.o05 manufacturing fanKlut the 
ruixurJi Subcommiiie* cam* up with a 
hsii.il.3ii - — ; cs- Theooe-ihud of 
ihcsc owned by th* companies them-
-elves t by and large oa the tame proper-
it as the chemical plant generating the 
swi i i . amounted for 44* of lb* Jul 
sullwn recorded tons of watte dumped. 
Oni> o . went to th* 1000-plut indepen­
dent sites, whack iaclud* municipal 
iumft and sites owned by private waste 
ui.po.al lirnu. To obtain she coopera­
tion ot ihc companies involved, and 
»...J lengthy deUyv the Subcommittee 
did not ask bow muck of these wastes 
sifct be considered hazardous or what 
Jupc us oospaay-crarned dump sites 
were in. 

Dawa la lava Daaaaa 
By adding in th* maay smaller 

nrm*. AI manufacturers, aad the thou­
sands of nxma m other uvlustncs which 
generate Large volumes of rhrmirsl 
wastes, the total number of waste dis­
posal suet should dearly go over th* 
Id-OuO mark A uudy data* for the EPA 
b> Fred C. Han Associates, a conauluag 
firm, estimated that inn total number of 
acute and disused dump uses in th* 
L a could range as high as 51.000. But 
inn was densed from asrtmatrs by re-
. ...nal EPA offices baaed on dubious ev-
.Jcrsct. and moat people ia las waat* 
tur-ina' industry believe it lo be muck 
uw high. 

George stush. of the National Soud 
Waste Management Aasnristina, a 
waste disposal industry trad* group, 
eotet that when the smaller ckamacal 

maauraciuren art included, th* propor-
uoa of hazardous wastes dumped at in­
dependent sites is higher than in the 
esse of the major companies surveyed 
by lb* Eckhardl Subcommittee "W« 
think about I J * of th* wattes an what 
our members an getting right now An­
other 9* we think is going to muzucipal 
landfills. The remaining 7S* or so is 
probably being oupcaed of by the gen­
erators on their owa property, with 
lotne ulscit dumping aa well." 

But that, be messes, ia just the waste 
industry's estimate. "We know bow 
muck wen handling, but nobody 
knows bow much ia out there. In vol­
ume, probably most of our business 
right now is with the chemical industry. 
But that's going lo change drastically, 
because we're finding these other indus­
tries are now waking up to the fact thai 
ibey're producing hazardous wastes too 
and they're starting to coma to us." 
(Th* economic impact analysis for the 
provisional hazardous waste regulations, 
whack were mandated by the 1916 Re­
source Conservation and Recovery Act, 
or RCRA, lists such significantly affect­
ed industries as chemicals—including 
rjTf~*— uplosives and dyes; metal 
• ~ i i , i , t refilling, esrx3roplaiing and 
finishing; leather «»—i»g sad finishing; 
sad textile dying aad finishing) 

Although soma tiles have cropped 
up in rural areas, moat are coocenlraud 
where the petnxhemicalt industry is— 
which means 75* an ia treat of riven, 
floodplainx and major aquifers (under­
ground water tables aad pools) when 
the ntk of contaminating drinking water 
supplies is highest 

And the proponioa of hinrrtttus 
wastes being improperly aad dangerous­
ly disposed of it unquestionably great. 
The EPA estimates It al 40*; the waste 
disposal trad* group pull it at 70*-80*; 
aad industry sources idrnii that most of 
tha storage poods and lagoons in which 
wastes have been dumped have no im­
permeable linings to prevent dangerous 
rhrrr"'- from leacaiing through into 
th* subsoil Inriiffi'T of public caposurt 
to prvtr"4—• and other raaitooous chemi­

cal wastes have shown • dear potential 
pubbc health risk. 

Th* srvees of eoraccturaiioa of 
known aad impeded carcinogens which 
rant* ikreala to public health in th* air or 
water are bitterly disputed by th* indua-
try. But studies dorse for the SUM of 
New Jersey ia rcaponsa lo public alarm 
over its rrrpcrrudly high cancer rataa 
(which an in fad equaled or esxecded 
ie oiker highly industrial areas) show 
daassuic crarttiaiions between the 
-cancer corridor" areas of high cancer 
ilrrilf""** and areas of heavy industrial 
air and water pollution, petrochemical 
producxioo and hazardous waste dump­
ing. 

Naw Regulatory Casta 

Th* peusntisJ cost of solving lb* 
probsem is even mora difBcull than 
wotting out the physical silent and lo­
cation of U. la soma cases clean-ups 
may not be possible, paniciilarly when 
larg* volumes of highly poisonous 
cfafmrrilt have been dumped into riv­
en. Allied Chemical was fined an un­
precedented SI3J million Utter re­
duced to SS asillioa after the company 
agreed to set up an SI ovillion clean-up 
fund) for toe dumping of kepooa, a 
highly prrifM!""' chemical, into tha 
;antes River ia Virginia; aa attempt at 
rensoving it would probably coat several 
hundred million dollars and is unlikely 
to ba isssdenakea. This is also the case 
srith tha dumping of PCBs into lb* 
Hudson River above New York City 
and aa Olia plani'i dumping of una of 
highly ptntrrrrrnii mercury into the Niag­
ara River near Buffalo, where the river 
water was already rated a public health 
hazard bacausa of dumping by other 
polluters. 

Tha potential maximum clean-up 
coals of $50 billion cited by EPA admin­
istrator Barbara Blum before Congress a 
few rooaths ago appears to ba Itsaeely 
based on th* Han study, and is dra-
enittcd aa • "gross exaggeration" by 
rrrnt people u lb* watte disposal busi­
ness. Th* industry trade group's SIO bil-
lioa (for orphaiied sura alone) was 

reached by looking at lb* prrrvisional 
filing of hazardous wast* sites ia New 
York Stale (a mora comprehensive list 
wiH ba out ia April), caumatihg lhat 
clean-up coat aad casrapolating from 
New York's than of national cbaraacnl 
watt* giusaraiioa. 

§ut Tfi—iing par-tile coals depends 
on policy by politicians about 
bow much ckan-up is necessary to sala­
ry the public-decisions which will ba 
subject to heavy industry tabbying. The 
costs of rrmni-'ig aa immediate crisis, 
and preventing the fun her contamina­
tion of land and water, would be sub­
stantially less than tha costs of alto 
cleaning up tha wont of the existing 
ground and water contaminilmn — 
which could still be far lower than Us* 
coats of reducing the crjntarriinatioo to 
below levels of coocenlrauoa believed 
to effect public health. 

Where underground water must be 
drcrrnisminsifd—by pumping it out 
through wells and treatment facilities-
most of the average par-site numbers 
circulating an in the SS-SIO million 
rang*, which meant that it might be 
cheaper simply to bring in a new com­
munity water supply from outside the 
ana. 0* the other hind, in densely pop­
ulated industrial areas when water de-
~.~t it high, abandoning entire under­
ground aquifers because of the costs of 
cleaning them up may not ba feasible. 

When tha problem it limply one of 
surface conumiaalioa and of rensoving 
wastes la properly secure faculties th* 
cosu should b* substantially lower, the 
heaviest coats are expected to be at th* 
abandoned and orphaned sites which 
account for • relatively small proportion 
of the total waste volume, but when the 
expense of sampling and identifying th* 
corneals of thousands of unmarked bar­
rels or of solid waste landfills can run 
quit* high. Al the producers' own facul­
ties th* nature of the wastes, th* dangers 
ihey pot* tod the best disposal method 
tor them arc at least known. 

Moreover, experts say that then it a 
iharp Icaraing-curv* effect in dealing 

Cenriruird at *ngr I 
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wuh these sues, to little clean* 
op w,.rk rus been duo* thai the 
beat uchniques for deaiiog with 
a particular type of problem are 
aii l being worked out, aad per-' 
nut costs can be eapected to 
drop ibarpiy aa experience • 
gained. 

Lai« Cau l Eiaertcoct 

Frank Rovcn, of the Cana­
dian firm Comsioga Rovers, 
abk,b is handling the Love Ca­
nal project, notes that "At Larva 
Canal, the initial per-unit costs 
»crc much higher (than ia laser 
stages of the work), because of 
ihc learning curve. There are 

ntaay cleanup jobs thai coat leu 
than SI million; thcra't a large 
aura her of small jobs tad a 
much smaller number of large 
jobs, I think thai th* average 
coat is sigauficanUy lass lean big 
jobs m Use SS-SIO auOioa 
range. Aad I think we had bet­
ter hope if it ssgaiisenntly leas 
because i t l l lake our Gross Na­
tional Product to look after 
these problems i f it isn't," 

Tha increased costs to a par­
ticular rhernirsl company of 
drtpnaing of t i l ksrsrrlnus 
wastes safety under th* new 
government regulations are dif-
fscssk to estimate. A 197S EPA 

study indtcsst-rl that the capital 
cents of instilling proper coo-
tainastcnt and) trentascnl -V^it-
lics at a hypothetical 1,000-foot-
square surf act tmpotiisdmcra 
could run about satX.000 al to­
day*! conwrsietion costs. 

George slash, of tha waste 
disposal industry group, says 
that "we can icB you what our 
average coats are for tha diiTer-
ent uxhrinlngiri (of proper dis­
posal), but that doesa'l help if 
you doal know what soma 
cram panics an paying right 
now If they're just dumping tha 
Muff ia a sanitary landfill or 
paying stxitrone to get rid of it, 
they're paying a hell of a lot 
less. Tbey might ba paying SS a 
drum, while just landfilling a 

dram (ia a secure (acuity) 
aught ran you S30 a drum; 
trajtmsnl rnighl go aaywhan 
from S20 to SS0 a drum (da-
pending oa contents); usoncra-
Uoa aught run from S«0 to S22S 
a drum." 

Bet ha adds: T h * vast ma-
jority of wastes an amenable to 
sonic ton of matracat icchnoi-
ogy. riothing it going to rcssder 
each one totally inanrurnii and 
knock a down to the basic ehr-
mcnta. Incuxrauoa itaelf, for 
exam pit, will produce its own 
haitr-f-'-vf waste; (torn tha 
scrubber solutions, you end up 
with a sludge (of residual toaic 
lubMsnrrs) which has to be put 
ia a secure landfill." 

What the disposal Brass an 

seeing now is increasingly con-
centra led wests from which 
generators have tried to rwcover 
aa much useful material, and es­
pecially energy content, as pos­
sible. Soma wastes can be sold 
to other iadtisiriea as feed-
stoexz. Others can be neutral-
ixad chemically, or totidified 
into cement-like blocks sad 
tallied, or mjected through 
deep wells into porous rock (de­
nse lions far isaderground. 

Strang Batiks* 

However, no technology it 
100% effective; then an always 
residual hazards of possible air 
or water pollution. And no one 
weals to have th* final ireat-
nsent or indiscratioo or disposal 
dona in hit community (and or 
trucks full of dangerous chemi­
cals rambling through bis 
Streets), even though new, se­
cure sites, far from under­
ground water supplies, an 
cteaiiy needed to replace the 
wont of the old ones. (When 
no dump tit* in this country 
wcruld accept n. Allied Chemi­
cal wat forced to ship th* last of 
its Upoae to West Germany for 
burial ia aa abandoned salt 
asina.) 

Th* major waste disposal 
open panics (S-arroa'a, May 14) 

No technology is 
10096 effective; 
there are always 
residual hazards of 
pollution. 

have teen l heir business rue 
dramatically over the last few 
years. Those handling hazard­
ous wastes - including such 
large public companies at 
Browning Ferris. Weal* Man-
agemens. SCA and Rollins-
anticipate further, substantial 
growth. But because of violent 
public oppoaitioo to new dis­
posal sites and operations, the 
costs of drawn-out siting sad 
permit battles, and lb* potential 
legal liabilities posed by th* 
hazardout male nai l themselves, 
they're also clearly ia a high-
risk butinrtt, 

Top priority tor tha clean­
up elTort, however, appears to 
h* pushing some form of the 
"superfund" legitlaiinn through 
Congress. George Kuth com-
rncnti: "We support a super-
fund concept; how to generals 
tha funds for that is a contro­
versial issue. But our position is. 
lei's gel the utes cleaned up. Aa 
long as you leave them out 
there, th* public is not going to 
be receptive to new sues thai do 
properly manage hazardous 
wanes ia this country. Uoul 
they see that thcra't a mccha-
niam for •*--•• " ' "g up the old 
ones, you're going to have pub-
bc oppotitioa to anything you 
try to do." 

The Gas 
Cation 

Gas: Our most capital-efficient 
energy investment. 
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The tacts a/a clear Taking into sccocrm tno «srbal coats 
ot raaotarca ajrtfarton. prrxaswng and ccs-rvaraion, trr-na-
rrua«cnarrdrjra^ 
rna/*r»l--rvr« irvcr amor, l i t tlfiergy tuopfy lyltnrns based on 
rjastttotis li/ofs waff reousra from oneHrie*d to fsns-fftarris leas 
n twc*^WinYOsmmt l»» o p t i o n oioettietfot eott-
scfcjvo-baaed tYstnrrts. And trut eovantaoe rot gaa would be 
even mora twaaTianc d ttta eortsaderaoiy larger hivastirrenta 
nacesaary tor solar energy ivsMrriivrarairicnarJed. 

c u r t * *><<cmKrQlQa* t n * v t a t o n i c * 
lMj»-CMncx<rmor*tor» mwtyouconiO* iv>m 
rnactiaxa afliciancy. cartrl» 
eccaTOrrry. and aroirrxvTvarvtss ttaattn *r»d 
detartytMTwgaeascwrricetae^ 
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Gas: The future belongs to the efficient 
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